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ABSTRACT 
The design and a p p l i c a t  
t o  mind; Should t h e  system be 
more a p p r o p r i a t e  t o  a  c e r t a i n  
ion  of  temperature c o n t r o l  systems on a cornmerc 
Pneumatic? Should i t  be E l e c t r o n i c ?  The:re is 
i a l  b u i l d i n g  w i l l  b r i n g  t h e  ques t ion  
concern a s  t o  which system w i l l  be 
p r o j e c t .  With c o s t ,  maintenance, performitnce, d e p e n d a b i l i t y ,  and t h e  c o s t  of 
energy a s  a  main concern of owners, t h e  temperature c o n t r o l  system has become an important  p a r t  of  e f f i c i e n t  
u t i l i z a t i o n  of energy. Appl ica t ion  of temperature c o n t r o l  systems t o  h ? a t i n g ,  v e n t i l a t i n g ,  and a i r  c o n d i t i o n i n g  
systems has  become an i n t e g r a l  p a r t  of energy management. The f i r s t  p.lase of t h e  program w i l l  a d d r e s s  t h e  
problem uf s e l e c t i o n  of a  type  of system t h a t  w i l l  be c o s t  and energy e E f i c i e n t ,  w i t h  a  minimum maintenance 
program. 
One a r e a  t o  be covered w i l l  be t h e  t e c h n i c i a n  and h i s  a b i l i t y  t o  s e r v i c e  t h e  tempera ture  c o n t r o l  systems. 
i n  a d d i t i o n  t o  information on t h e  s c h o o l s  and t e c h n i c a l  t r a i n i n g .  The s v a i l a b i l i t y  of t r a i n e d  and experienced 
s e r v i c e  t e c h n i c i a n s  c r e a t e s  a  major problem f o r  remote towns and communities. 
Control  systems a r e  i n t e g r a t e d  t o  energy managment systems. Without proper  maintenance t h e  energy sav ings  
w i l l  not  perform a t  t h e i r  design l e v e l .  
A sub- top ic  on up-to-date temperature c o n t r o l  systems with r e t r o f i t  needs w i l l  he included i n  t h e  
p r e s e n t a t i o n .  
The most important  component of a  pneumatic 
system is  t h e  compressed a i r  supply system. The 
a i r  compressor should be a  s tandard  brand name com- 
p r e s s o r ,  i n s t a l l e d  i n  a  duplex system t o  prov ide  
a  back-up system. A r e f r i g e r a t e d  a i r  d r y e r  i s  
requi red  t o  r i d  t h e  system of moisture and o i l .  Also. 
an o i l  f i l t e r  is r e q u i r e d  t o  prevent  o i l  from e n t e r -  
ing t h e  system from t h e  l u b r i c a t i o n  of  t h e  a i r  com- 
pressor .  A mois tu re  t r a p  on t h e  a i r  compressor 
w i l l  a u t o m a t i c a l l y  d r a i n  t h e  condensate  i n  t h e  com- 
p r e s s o r  tank. Most c o n t r o l  manufacturers  w i l l  pro- 
v i d e  information on a i r  supply systems. A i r  p r e s s u r e  
w i l l  va ry  from 151 t o  2 5 t  depending on t h e  brand and 
amount of use.  
The r e c e i v e r - c o n t r o l l e r ,  e l e c t r o n i c  o r  pnue- 
matic ,  is t h e  primary component i n  a  temperature 
c o n t r o l  system. We can use  t h e  human and run a bio-  
l o g i c a l  a n a l y s i s  of temperature c o n t r o l .  F i r s t  we 
go back t o  t h e  wood burning s tove .  We can f e e l  t h e  
temperature wi th  nerve  ends on our  s k i n  which we w i l l  
c a l l  a  sensor .  A s i g n a l  is t r a n s m i t t e d  t o  our  b r a i n  
which we w i l l  c a l l  a  r e c e i v e r - c o n t r o l l e r .  A d e c i s i o n  
is  made t o  pu t  wood i n  t h e  s t o v e ,  and a  s i g n a l  is s e n t  
t o  our  hands and o t h e r  motor f u n c t i o n s  which we w i l l  
c a l l  a c t u a t o r s .  The t h r e e  p a r t s  of any system a r e  
t h e  r e c e i v e r - c o n t r o l l e r ,  t h e  spnsor ,  and t h e  ac tua-  
t o r .  The r e c e i v e r - c o n t r o l l e r  is :he b r a i n  o r  computer 
f o r  a c e n t r a l  loop. Some of  t h L  'unct ions of t h e  r e -  
c e i v e r - c o n t r o l l e r  a r e  a s  fo l lows:  (1) t o  r e s e t  t h e  
c o n t r o l l e d  temperature by o u t s i d e  a i r ;  (2) t o  r e s e t  
c o n t r o l l e d  temperature t o  a  load:  (3) t o  r e s e t  a  
manual over - r ide .  
A s e n s o r  o r  t r a n s m i t t e r  is  a s e n s i n g  d e v i c e  t h a t  
can sense  and t r a n s m i t  temperature,  humidi ty,  and 
p r e s s u r e  i n  a  pnuematic o r  e l e c t r i c a l  s i g n a l .  A r e l a y  
can change a s i g n a l  i n t o  some o t h e r  form of s i g n a l  o r  
power. 
The c o n s t r u c t i o n  m a t e r i a l  i n  a  pneumatic c o n t r o l  
system c o n s i s t s  of tubing.  copper  o r  polyethane,  and 
support  hardware such a s  hangers  and c l i p s .  
I n  most e l e c t r o n i c  c o n t r o l  systems t h e  v o l t a g e  
i s  s tepped down by a t rans former  o r  power supply t o  
24VAC o r  2OVOC. E l e c t r o n i c  c o n t r o l  systems u s i n g  DC 
c u r r e n t  should have a  r e g u l a t e d  power supply.  Elec- 
t r o n i c  r e c e i v e r - c o n t r o l l e r s  can have t h e  same func- 
t i o n  a s  a  p n ~ u m a t i c  system. The e l e c t r o n i c  c o n t r o l  
system has  made g r e a t  p r o g r e s s  with t h e  advance of 
t h e  e l e c t r o n i c  i n d u s t r y .  
There I s  concern a s  t o  which system, pneumatic 
o r  e l e c t r o n i c ,  w i l l  be  more a p p r o p r i a t e  t o  a  c e r t a i n  
p r o j e c t .  Uni t  c o s t ,  maintenance,  performance, depend- 
a b l i i t y ,  and t h e  c o s t  of energy a r e  main concerns 
of owners, and t h e  tempera ture  c o n t r o l  system has  
become an impor tan t  p a r t  of  energy management. Cost 
is  t h e  major f a c t o r  i n  t h e  des ign  of temperature 
c o n t r o l  systcms. 
A f t e r  a HVAC system h a s  been a p p l i e d  t o  a  pro- 
j e c t ,  t h e  t a s k  of  des ign ing  a  c o n t r o l  system f o r  t h e  
HVAC system w i l l  beg in .  A l i s t  of q u e s t i o n s  a r e  a s  
fo l lows:  Does t h e  system need modulat ing c o n t r o l ?  
W i l l  t h e  systxem have a  v e n t  c y c l e  o r  en tha lpy  c o n t r o l ?  
What t y p e  of c o o l i n g ,  DX o r  c h i l l e d  wate r?  What form 
o r  h e a t  t rans former?  What t y p e  of t ime c o n t r o l ?  
These questicins w i l l  he answered by t h e  amount of 
money t h e  owner i s  w i l l i n g  t o  spend. To keep t h e  
c o s t  down anti determine a  type  of system, t h e  number 
of a c t u a t o r s  (damper motors /va lve  motors) w i l l  pro- 
j e c t  t h e  c o s t  advantage of  e l e c t r o n i c  over  pnuematic 
o r  convcrse1:j. Based on t h e  p r i c e  l i s t  of two ou t  of 
f i v e  l o a d i n g  c o n t r o l  companies, t h e  "break even" p o i n t  
between e l e c t r o n i c  o r  pneumatic is  twelve v a l v e  ac- 
t u a t o r s .  With t h i r t e e n  v a l v e s  of t h e  modulating type.  
t h e  c o n t r o l  system wFll c o s t  l e s s  u s i n g  pnuematic. 
The o t h e r  t h r e e  c o n t r o l  companies range from f i f t e e n  
t o  twenty-six a c t u a t o r s .  
This  p r i c i n g  is based on t h e  c o s t  of m a t e r i a l  
on ly ,  w i t h  t h e  p r i c e  of  an a i r  compressor, d r y e r ,  and 
PRV being equa l  t o  t h e  c o s t  on e l e c t r o n i c  v a l v e  
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a c t u a t o r  compared with t h e  c o s t  on pnuematic a c t u a t o r s .  
If a  vent  c y c l e  o r  en tha lpy  w i t h  mixed a i r  damper was 
J r s i ~ n ~ d  f o r  twelve u n i t s ,  t h e  sav ings  could hr  g r e a t -  
e r .  ?he c o s t  of i n s t a l l i n g  poly tubing i s  ,ornewhat 
l e s s  than condui t  and wi r ing .  The c o s t  of L ~ . - ~ a l l i n g  
copper tubing and t h e  c o s t  of  wi r ing  a r e  about  t h e  
same. 
The a b i l i t y  of  c o n s t r u c t i o n  i n s t a l l e r s  and 
s e r v i c c  t e c h n i c i a n s  i n  t h e  temperature c o n t r o l  indus-  
t r y  nccds t o  he improved. One reason i s  t h a t  most 
c l e r t r o n i c  t e c h n i c i a n s  Lhat have t h e  a b i l i t y  t o  work 
on e l e c t r o n i c  c o n t r o l  equipment, do not  have t h e  a b i l -  
i t y  t o  he  an a i r  c o n d i t i o n  s e r v i c e  t e c h n i c i a n ,  and 
most a i r  c o n d i t i o n  s e r v i c e  t e c h n i c i a n s  l a c k  t h e  
e l e c t r o n i c  s k i l l s .  Pneumatic c o n t r o l  systems a l s o  
have t h e  same d e f i c i e n c y  p e r t a i n i n g  t o  t e c h n i c a l  
s k i l l s .  A s  t h e  c o n t r o l  system becomes more advanced 
i n  des ign ,  t h e  complexity i n c r e a s e s .  I n  most a r e a s ,  
t h e  s e r v i c e  t e c h n i c i a n s  a r e  n o t  keeping up wi th  t h e  
change i n  technology. The serviceman of t h e  o l d  
school i n  a i r  c o n d i t i o n i n g  and h e a t i n g  is  having a 
hard t ime with t h e  new c o n t r o l  systems. 
Control  companies have s e r v i c e  and maintenance, 
but t h e  a i r  c o n d i t i o n i n g  companies a r e  h e s i t a n t  t o  
c a l l  on c o n t r o l  f o r  a s s i s t a n c e  because most c o n t r o l  
companies a l s o  do mechanical s e r v i c e .  In  t h e  end, 
t h e  owners have systems t h a t  a r e  n o t  performing prop- 
e r l y .  
Large school d i s t r i c t s ,  h o s p i t a l s ,  and l a r g e  
commercial complexes perform maintenance in-house. 
The t rend f o r  in-house maintenance is  being c a r r i e d  
over  i n t o  temperature c o n t r o l  systems. There is  a 
g r e a t  need f o r  t e c h n i c a l  t r a i n i n g  f o r  t h e  in-house 
technic ian  o r  maintenance man. 
A r e l u c t a n c e  f o r  owners t o  have an energy 
management system i n s t a l l e d  is t h e  a b i l i t y  of  h i s  
in-house maintenance mechanic. The s ta tement  t h a t  
is  heard most o f t e n  is "Make i t  simple". Being s imple  
o r  complex is no t  t h e  answer, but  s a v i n g  money i n  t h e  
form of  energy and man hours  should be  one of  t h e  main 
func t ions  of a  c o n t r o l  system. I n  t h e  p a s t  t h e  o r d e r  
of p r i o r i t i e s  of a  c o n t r o l  system was a s  fo l lows:  
1) comfort ,  2) man hours ,  3) energy,  bu t  t h e  p r i u r i t y  
f o r  today is 1) energy,  2) man hours .  3) comfort .  
The advantages and d i sadvantages  of  a  pnuematic 
c o n t r o l  system p e r t a i n i n g  t o  maintenance a r e  no ted .  
The advantages of main ta in ing  a  pneumatic system 
compared t o  an e l e c t r i c  system a r e  a s  fo l lows:  
1. Repair  of  p a r t s  c o s t  l e s s .  
2. Change o u t s  of a c t u a t o r s .  
3. Trouble shoot ing .  
4 .  Re loca t ing  components. 
The main d i sadvantage  of a  pneumatic system i s  t h e  
maintenance of t h e  compressed a i r  system. The 
des igner  o f  a c o n t r o l  system should always c o n s u l t  
with t h e  owner b e f o r e  s e l e c t i n g  a  type  of  system. I n  
most c a s e s  t h e  owner has a p re fe rence .  New con- 
s t r u c t i o n  o r  a  new system should be designed t o  t h e  
a b i l i t y  and t e c h n i c a l  t r a i n i n g  of t h e  owner o r  i ts  
r e p r e s e n t a t i v e  i f  p o s s i b l e ,  over  designed systems 
with component c o n t r o l l i n g  components w i l l  cause  
problems i n  t h e  c a l i b r a t i o n  of  t h e  system. 
I n  my op in ion ,  and o b s e r v a t i o n s  of  maintenance 
of temperature c o n t r o l  systems,  I would l i k e  t o  add- 
r e s s  t h e  s e r v i c e  and c a l i b r a t i o n  o f  c o n t r o l  systems.  
Control  systems may be complex t o  t h e  "run of  t h e  
m i l l "  maintenance man. Tra in ing  of  t h e  s e r v i c e  
t echnic ian  is  one of  t h e  o j e c t s  t h a t  is  a  g r e a t  concern 
t o  t h e  owner. With s e r v i c e  c h a r g e s ,  o u t  of  town 
expenses, and t r a v e l  t i m e ,  t h e  c o s t  of temperature 
c o n t r o l  may seem excess ive .  One of  t h e  b e s t  ways t o  
reduce c o s t  is t o  t r a i n  t h e  in-house s e r v i c e  
t e c h n i c i a n s .  
The b e s t  t y p e  o f  t r a i n i n g  is t h e  hands-on i n  
t h e  s e r v i c e  man's own p l a n t .  T h i s  t y p e  of t r a i n i n g  
may c o s t  more and w i l l  be h a r d e r  t o  c o n t r o l .  The 
advantages  a r e  a s  fo l lows:  
1. Hands-on t r a i n i n g  on h i s  equipment. 
2. Tra in ing  on c o n t r o l  systems t h a t  a r e  e x i s t -  
i n g  i n  h i s  p l a n t .  
3. F a i l u r e  of  equipment t h a t  is common t o  h i s  
environment. 
Classroom t e c h n i c a l  t r a i n i n g  o r  s c h o o l s  t h a t  
a r e  pu t  on by t h e  major c o n t r o l  companies a r e  t h e  
n e x t  b e s t .  To a t t e n d  t h e  company school ,  t h e  owner 
should c o n t a c t  t h e  manufacturer  and apply  f o r  t h e  
nex t  t r a i n i n g  s e s s i o n .  
S e r v i c e  of e l e c t r o n i c  t empera ture  c o n t r o l  
systems is s e p a r a t e  and remote from a i r  c o n d i t i o n i n g  
s e r v i c e  on l a r g e  systems.  With computers and micro- 
p r o c e s s o r s  c o n t r o l l i n g  t h e  tempera ture  c o n t r o l  systems,  
t h e  serviceman w i l l  need t o  be b a s i c a l l y  a  computer- 
e l e c t r o n i c  t e c h n i c i a n  with a  knowledge of HVAC systems.  
A t  t h i s  t ime ,  t h e r e  is a s h o r t a g e  of  t h i s  type of  
t e c h n i c i a n  . The s e r v i c e  of  most e l e c t r o n i c  systems 
h a s  become a change o u t  system wi th  l i t t l e  f i e l d  
r e p a i r .  I t  seems t o  b e  e a s i e r  f o r  t h e  owner and t h e  
tempera ture  c o n t r o l  company t o  have a  change o u t  
because cf t h e  t e c h n i c a l  knowledge t h a t  is requi red  
:or f i e l d  r e p a i r .  Also,  most p a r t s  f o r  c o n t r o l  
components a r e  n o t  a  s h e l f  i tem a t  t h e  Local e l e c t -  
r o n i c  house. The replacement  p a r t  c o s t  compared t o  
o t h e r  e l e c t r o n i c  p a r t s  is h i g h e r  because o f  t h e  l i m i t e d  
a v a i l a b i l i t y .  Components o f  most ins t ruments  a r e  n o t  
a v a i l a b l e  because of t h e  Unit Replacement Po l icy  of 
t h e  c o n t r o l  companies. 
I n  my o b s e r v a t i o n s  of  e l e c t r o n i c  c o n t r o l  main- 
t enance ,  I would l i k e  t o  a d d r e s s  t h e  upkeep and 
c a l i b r a t i o n  of t h i s  t y p e  of  system. I w i l l  n o t  name 
t h e  b u i l d i n g s  o r  owners. A l a r g e  school  system t h a t  
h a s  f o u r  school  campuses h a s  an e l e c t r o n i c  temper- 
a t u r e  c o n t r o l  system. I n  one school  a l l  of  t h e  
t empera ture  c o n t r o l s  a r e  d i sconnec ted  and t h e  roof 
t o p  Multi-zone u n i t s  a r e  c o n t r o l l e d  by a  t o g g l e  swi tch  
where t h e  room zone thermos ta t  once was. The u n i t s  
run 24 hours  a  day-7 days a  week, i f  t h e  u n i t s  a r e  
n o t  o u t  on high-head o r  low p r e s s u r e  c u t  o u t .  An ice -  
cream s t i c k  h o l d s  t h e  compressor condenser  f a n  r e l a y s  
i n  p lace .  I n  a n o t h e r  b u i l d i n g .  t h e  h o t  deck on a 
double  duc t  high p r e s s u r e  mixing box runs wild because 
t h e  e l e c t r o n i c  h o t  water  v a l v e  a c t u a c o r  h a s  been 
d i sconnec ted .  T h i s  t y p e  o f  s i t u a t i o n  is  t y p i c a l  of 
t h e  maintenance and c a l i b r a t i o n  of e l e c t r o n i c  con- 
t r o l  systems when in-house maintenance is  performed. 
I n  my a r e a  o f  s e r v i c e ,  about  75 p e r c e n t  of a l l  c o n t r o l  
systems t h a t  u s e  in-house maintenance a r e  i n  bad 
shape.  
Pneumatic c o n t r o l  systems seem t o  f a r e  b e t t e r  
because of t h e i r  f a m i l i a r i t y  i n  t h i s  reg ion .  Ahout 
50 p e r c e n t  of  t h e  pneumatic c o n t r o l  systems a r e  nain-  
t a i n e d  t o  some d e g r e e  of s p e c i f i c a t i o n  d e s i g n .  
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